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confused  pattern  of  surface  temperature  and  salinity  with  the  average  depth 
of  the  mixed  layer  about  30  m.  On  January  16-17,  a  s£prm  passed  near  the 
ring  with  winds  to  45  knots  and  temperatures  below  0*0.  An  XBT  survey  at 
the  end  of  the  cruise  showed  that  vertical  mixing  and  cooling  durtng  the 
outbreak  of  cold  air  resulted  in  a  more  coherent  pattern  in  the  surface 
temperature  and  salinity-of  the  ring  and  an  increase  in  the  thickness  of 
the  mixed  layer  to  180  m. 
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Abstract 

A  joint  cruise  with  Dr.  Michael  Gregg  of  the  Applied  Physics  Labor¬ 
atory  at  the  University  of  Washington  was  conducted  from  8-24  January, 

1983,  aboard  the  USNS  Bartlett  to  study  the  effects  of  wintertime  cooling 
in  a  warm  core  ring.  At  the  beginning  of  the  cruise  an  XBT  survey  of 
ring  82X  (found  at  40a40'N,  66 6W,  east  of  the  New  England  Seamounts) 
showed  a  rather  confused  pattern  of  surface  temperature  and  salinity  with 
the  average  depth  of  the  mixed  layer  about  30  m.  On  January  16-17,  a  storm 
passed  near  the  ring  with  winds  to  45  knots  and  temperatures  below  0°C. 

An  XBT  survey  at  the  end  of  the  cruise  showed  that  vertical  mixing  and 
cooling  during  the  outbreak  of  cold  air  resulted  in  a  more  coherent  pat¬ 
tern  in  the  surface  temperature  and  salinity  of  the  ring  and  an  increase 
in  the  thickness  of  the  mixed  layer  to  180  m. 
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U8N8  Bartlett  Cruise  40-B 
Data  Report 
by 

N.  C.  Staloup,  T.  M.  Joyce  and  R.  L.  Barbour 

This  report  describes  the  expendable  bathythermograph  (XBT) ,  surface 
salinity  and  temperature,  meteorological  and  drogued  buoy  observations  ob¬ 
tained  during  a  study  of  a  warm  core  ring  during  8-24  January,  1983.  The  pur¬ 
pose  of  this  investigation  was  to  study  the  effect  of  wintertime  convection 
upon  a  Gulf  Stream  warm  core  ring.  Dr.  Michael  Gregg,  of  the  Applied  Physics 
laboratory  (APL)  at  the  Qilversity  of  Mashing  ton,  was  the  chief  scientist 
during  the  cruise.  Additional  observations  were  made  with  his  AMP  (Advanced 
Microstructure  Profiler)  and  CTD  (conductivity,  taaperature,  depth)  and  Dr. 
Thomas  Sanford's  Expendable  Current  Profiler  (XCP) .  The  results  of  these 
studies  are  presented  in  data  reports  prepared  by  members  of  the  APL,  Univer¬ 
sity  of  Washington. 

The  ring  selected  for  this  study  was  designated  821  by  the  National 
Marine  Fisheries  Service  and  No.  25  by  the  D.S.  Ntvy.  When  first  surveyed 
(9-12  January  1983)  with  XBTs  and  XCPs,  the  warm  core  ring  was  located  near 
40*4 O' N,  66 *W,  south  of  Georges  Bank  and  east  of  the  New  Bigland  Seamounts. 

At  the  end  of  the  cruise  another  XBT/ XCP  survey  (21-22  January)  was  conducted 
which  showed  the  ring  near  40*10'N,  66*50’W.  During  the  period  of  the  cruise, 
9-24  January,  the  ring  moved  about  90  km  toward  the  southwest  in  a  direction 
parallel  to  the  continental  slope.  The  translational  speed  of  the  ring  was 
about  6  cm  sec  which  is  typical  for  warm  core  rings. 

Between  the  two  XBT/XCP  surveys  most  of  the  work  was  conducted  near  the 
center  of  the  ring  using  Gregg's  AMP  to  measure  turbulence  and  CTD  to  measure 
the  vertical  distribution  of  temperature  and  salinity.  During  this  period 
XBTs  No.  48-83  were  deployed  primarily  to  determine  the  ship's  position  rela¬ 
tive  to  the  center  of  the  ring. 

The  sequence  number,  date-time  and  position  at  which  each  XBT  was 
deployed  is  shown  in  Table  1.  The  surface  temperature  was  measured  with  a 
bucket  thermometer  and  a  water  sample  was  collected  from  the  bucket  for 
salinity  analysis.  The  maximum  depth  each  probe  reached  is  also  presented. 
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ihble  2  lists  ths  meteorological  obssrvstions  taken  at  approximately 
„  four-hour  intervals  during  the  cruise.  Mind  speed  is  in  knots  and,  together 

with  wind  direction,  was  obtained  from  sensors  mounted  on  the  foremast  at  an 
elevation  of  about  16  m.  Sail  wind  speed  was  measured  with  a  vortex-shedding 
*  anemometer  about  3  m  below  the  ship's  wind  sensor.  Mind  direction  and  ship's 

heading  are  in  degrees  true,  baroatetric  pressure  is  in  millibars  and  tempera¬ 
tures  are  in  degrees  Celsius.  Barometric  pressure  was  measured  in  the  chart 
room  (elevation  about  8  m)  and  the  wet  and  dry  bulb  readings  were  generally 
obtained  on  the  flying  bridge  (elevation  about  10  m) . 

On  January  11,  a  drogued  buoy  system  was  launched  near  the  center  of  the 
ring  as  a  navigational  aid  during  the  MU>  work  and  to  provide  a  means  of  track¬ 
ing  the  movement  of  the  ring,  the  system  consisted  of  an  Argos  satellite 
tracked  buoy  tethered  to  a  radar  transponder  equipped  surface  float,  The  float 
was  anchored  to  a  10*  x  20*  window-shade  drogue  deployed  at  a  depth  of  100  m. 
The  buoys  were  tracked  from  0520  January  11,  until  0929  January  14,  when  both 
buoys  stopped  transmitting.  During  this  period  the  buoys  moved  southwest  at 
speeds  up  to  40  cm  sec'1.  The  net  movement  was  toward  243*T  at  18  cm  sec-1. 

Figure  1  summarises  the  meteorological  observations  presented  in  table  2. 
^  The  duration  of  each  XBT/XCP  survey  is  indicated  by  the  bars  along  the  tap  of 

the  figure,  the  storm  of  January  16-18  is  marked  by  the  low  pressures  and 
V  high  winds  on  these  dates.  During  the  storm  winds  reached  45  knots  and  air 

temperatures  decreased  from  13 *C  to  below  0°C.  The  barometric  pressure  and 
air  temperature  records  are  best  interpreted  using  the  surface  analysis  charts 
presented  in  Figure  2.  These  charts  show  the  distribution  of  barometric  pres¬ 
sure  (corrected  to  sea  level)  for  the  northeastern  seaboard  of  the  0.8.  during 
the  period  of  the  cruise.  The  progression  of  winter  storms  is  depicted  by  the 
movement  of  low  pressure  regions  ss  they  track  across  New  Bigland,  Nova  Scotia 
and  the  area  of  the  Harm  Core  Ring  at  40 *N,  66 *N.  For  instance,  the  low  pres¬ 
sures  record sd  at  the  ship  on  13  January  are  seen  to  result  from  a  strong  low 
which  moved  northeasterly  from  45*N,  90*W  on  10  Janus  ry  and  across  Mhw  Big  land 

» 

and  maritime  Canada  on  11-12  January.  This  low  was  centered  over  Nova  Scotia 
on  13  January  only  450  km  northeast  of  the  ring.  The  strong  low  pressure  srea 
centered  over  Cape  Cod  in  the  surface  analysis  chart  for  1200s,  16  January,  is 


the  storm  which  produced  the  outbreak  of  cold  air  on  19-20  January  shown  in 
Figure  1.  During  the  outbreak  there  were  frequent  snow  squalls,  winds  aver¬ 
aged  25  knots  and  sea  smoke  was  common.  As  the  low  moved  northeasterly  the 
barometric  pressure  at  the  ship  slowly  increased  though  the  temperature  con¬ 
tinued  to  decline  with  the  strong  (20-30  kt)  northwest  winds. 

The  results  of  the  two  XBT  surveys  are  illustrated  in  Figures  3-8. 

Figures  3a  and  3b  are  the  positions  at  which  the  XBTs  were  deployed  during 
each  of  the  two  surveys  and  where  surface  temperature  and  salinity  data  were 
obtained.  The  surface  temperatures  in  and  near  the  ring  are  presented  in 
Figures  4a  and  4b.  During  the  initial  survey,  the  area  of  >  13*C  was  slightly 
smaller  and  less  clearly  defined  than  during  the  second.  Only  small  patches 
of  >  14  °C  surface  temperature  remained  during  the  latter  and  all  traces  of 
15 *C  surface  water  were  gone.  During  the  Harm  Core  Rings  Program,  in  the  sum¬ 
mer  of  1982,  streams  of  cool  water  were  seen  to  spiral  into  the  center  of  warm 
core  rings  from  the  surrounding  slope  water.  The  variability  in  surface  tem¬ 
perature  observed  in  the  first  survey  may  be  attributed  to  the  presence  of 
such  bands  of  cooler  and  fresher  slope  water.  The  intense  vertical  mixing 
which  occurred  between  the  two  XBT  surveys  effectively  homogenized  the  upper 
50-150  m  in  the  interior  of  the  ring,  thus  more  clearly  defining  the  ring/ 
slope  water  boundary  as  shown  in  Figure  4b.  Contours  of  the  surface  salinities 
during  each  XBT  survey  are  shown  in  Figures  5a  and  5b.  The  evolution  of  the 
surface  salinity  in  the  ring  parallels  that  of  the  surface  temperature  as  des¬ 
cribed  above.  Figures  6a  and  6b  are  the  thickness  of  the  mixed  layer  during 
each  survey.  These  charts  most  clearly  depict  the  results  of  the  vertical 
mixing  which  took  place  during  the  storm  and  outbreak  of  cold  air  on  16-18  and 
19-20  January,  respectively.  During  the  storm  the  winds  veered  from  northerly 
to  northwesterly  and  air  temperatures  dropped  from  13 °C  to  below  zero.  Snow 

squalls  and  sea  smoke  were  common  during  this  period  and  heat  losses  as  large 

.2 

as  700  Matts  m  were  calculated.  The  AMP  observations  made  during  this  time 
showed  that  turbulent  convection  deepened  the  mixed  layer  from  40  to  150  m. 

The  depth  of  the  10*C  isotherm  is  an  index  of  thermocline  displacement 
for  warm  core  rings  and  is  typically  used  to  define  the  size  and  shape  of 
these  features.  Onlike  other  rings  studied  in  the  Harm  Core  Rings  Program, 
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ring  822  waa  relatively  weak  with  only  a  100  a  depression  of  the  thermocline 
^  compared  to  300-500  m  foe  aore  energetic  rings.  Contours  of  the  depth  of  the 

10  °C  iso  them  for  each  survey  are  shown  in  figures  7a  and  7b.  Although  the 
area  of  >  300  m  depth  appears  slightly  smaller  during  the  record  survey,  this 
*  apparent  difference  nay  be  due  to  the  absence  of  observations  in  the  southwest 

portion  of  the  ring.  The  10°C  isotherm  in  the  central  portion  of  the  ring  is 
deeper  than  the  level  affected  by  the  vertical  mixing  described  above. 

figure  8  shows  the  tenperature/salinity  relationship  for  the  surface 
samples  collected  at  the  site  of  each  XBT.  The  p lueses  are  the  observations 
made  during  the  first  XBT  survey  and  the  Xs  are  those  made  during  the  second 
survey.  The  remaining  samples  (filled  circles)  were  collected  when  XBTs  were 
deployed  at  various  times  during  the  AMP  and  CTD  measurements.  The  26.0 
sigma-t  surface  is  shown  to  illustrate  the  density  differences  between  the 
samples.  Those  with  densities  greater  than  26.0  were  generally  collected 
within  the  ring.  Surface  samples  collected  during  the  second  survey  are  uni¬ 
formly  colder  and  more  dense  at  salinities  >  34.4 •/*,  than  those  collected 
during  the  first  survey. 

Figures  9a-9e  are  the  XBT  temperature  sections  obtained  during  the  first 
survey.  Rich  of  the  sections  shows  a  thick,  well  defined  layer  of  14-16°C 
(stippled  region)  water  extending  from  the  surface  (or  near  the  surface)  to 
i  depths  of  200  to  240  m.  By  the  time  of  the  second  survey  this  extensive  layer 

is  considerably  reduced  as  shown  in  Figures  10a-*10e.  During  the  latter  survey 
only  isolated  parcels  or  thin  layers  of  14-15°  water  remain.  Only  one  XBT 
(No.  97)  had  a  temperature  of  16°  in  this  layer.  The  erosion  of  this  layer  is 
the  result  of  the  strong  vertical  mixing  during  the  outbreak  of  cold  air  cited 
before. 

Figure  11  presents  selected  XBT  traces  from  the  center  of  the  ring  dur¬ 
ing  each  survey.  These  temperature  profiles  illustrate  the  effect  of  the  ver¬ 
tical  mixing  which  occurred  within  the  ring  during  the  cruise.  Before  the 
outbreak  of  cold  air  XBT  lbs.  16  and  47  show  relatively  thick  layers  of  nearly 
isothermal  water  with  a  temperature  of  14.8  to  15.2°C.  At  the  position  of  XBT 
Nb.  47  this  water  is  overlain  by  30  m  of  cooler,  fresher  water.  After  the 
outbreak  XBT  Nos.  95  and  114  show  thick  (155  to  190  m)  layers  of  isothermal 


water  at  tanperatures  of  14  and  13.5*C  respectively,  in  both  coaparisons  a 
net  heat  loss  and  nixed  layer  deepening  has  occurred,  but  it  can  be  seen  that 
a  one -dimensional  nixed  layer  budget  of  heat  will  give  greatly  different  re¬ 
sults.  Me  expect  that  spatial  averaging  and  analysis  of  the  digital  XBT  data 
will  be  necessary  before  the  change  in  total  heat  content  can  be  neaningfully 
conpared  with  the  enpirically  calculated  heat  fluxes  using  the  meteorological 
data  in  liable  2. 

this  work  was  supported  by  the  Office  of  Naval  Research  contract  No. 

N00 014-6 2-C-O 019,  NR  083-004  with  the  Woods  Bole  Oceanographic  Institution. 
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1:  A  summary  of  the  meteorological  data  collected  during  Bartlett 

cruise  40-B,  January  1983.  The  outbreak  of  cold  air  on  19-20 
January  can  be  seen  in  the  record  of  dry  bulb  temperatures. 

2:  Fifteen  surface  analysis  charts  showing  the  weather  patterns  dur¬ 

ing  Bartlett  cruise  40-B,  January  1983.  The  storm  which  triggered 
the  outbreak  of  cold  air  over  the  ring  is  shown  in  Figures  2i-2k 
on  16-17  January. 

3a:  The  location  of  XBT  Nos.  10-47  deployed  on  the  first  survey  of 

ring  821  during  Bartlett  cruise  40-B.  This  work  was  done  during 
9-11  January,  1983. 

3b:  The  location  of  XBT  Nos.  84-117  deployed  during  the  second  survey 

of  ring  821  from  21-22  January,  1983. 

4a:  Contours  of  surface  temperature  (°C)  measured  at  each  XBT  during 

the  first  survey. 

4b:  Contours  of  surface  temperature  (°C)  measured  at  each  XBT  during 

the  second  survey. 

5a:  Contours  of  surface  salinity  (°/00)  from  samples  collected  at 

each  XBT  during  the  first  survey. 

5b:  Contours  of  surface  salinity  (*/oe)  from  samples  collected  at 

each  XBT  during  the  second  survey. 

6a:  The  thickness  of  the  mixed  layer  (m)  during  the  first  survey. 

6b:  The  thickness  of  the  mixed  layer  (m)  during  the  second  survey. 

7a:  The  depth  (m)  of  the  10DC  isotherm  during  the  first  XBT  survey. 

7b:  The  depth  (m)  of  the  10 °C  isotherm  during  the  second  XBT  survey. 

8:  A  T/S  diagram  of  surface  samples  collected  in  warm  core  ring  821 

during  Bartlett  cruise  40-B  in  January,  1983. 

9a-9e:  Temperature  sections  (°C)  during  the  first  XBT  survey  of  warm 
core  ring  82Z.  The  stippled  areas  define  the  extent  of  the 
14-16 ®C  layer.  The  inset  shows  the  position  of  the  section  rela¬ 
tive  to  the  survey. 
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Figure  lOa-lOei  TSaperature  sactiona  (*C)  during  the  second  XBT  survey.  The 
stippled  areas  and  inset  are  as  in  Figure  9. 

Figure  lit  Selected  XBT  profiles  froa  vara  core  ring  821.  The  aixed  layer 
during  the  first  survey  is  shown  by  profile  Nos.  16  and  47  while 
Nbs.  95  and  114  characterise  the  aixed  layer  during  the  second 
survey . 
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Table  Captions 


Table  1 


Table  2 


Log  of  XBT  data  collected  during  US NS  Bartlett  cruise  40-B,  January 
1983.  The  position  of  each  T-7  XBT  is  given  in  degrees  and  frac- 
tions  of  degrees,  data  is  Julian  day  and  tine  is  OiT.  The  bucket 
temperature  is  in  °Oelsius  and  the  maximum  depth  reached  by  the  probe 
is  in  meters. 

Meteorological  observations  recorded  during  USDS  Bartlett  cruise 
40-B.  Wind  and  ship  speeds  are  in  knots,  directions  are  aT,  temper¬ 
atures  are  °Celsius  and  positions  are  degrees  and  tenths  (north  and 
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Table  1 


Log  of  XBT  Date  Collected  During  USMS  Bartlett  Cruise  40-B 

January  1983 


The  position  of  each  of  the  T-7  XBTa  la  given  in  degrees  and  fraction  of 
degrees.  Dace  is  Julian  day  and  time  is  GMT.  The  bucket  temperature  la 
in  ’Celsius  and  the  maximum  depth  reached  by  the  probe  is  in  meters. 
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Mataoro logical  Obaarvationa  Racordad  (hiring  USNS  gartlatt  Cruiaa  40-1 
9  -  21  January  1983 

Wind  and  ship  spaada  ara  in  knot*,  direction*  ara  *T.  taaporaturoo  ara  ‘Calaiua 
and  positiana  ara  dagraaa  and  tantha  (north  and  want  ara  ♦) . 
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SAIL  TRUE  WIND  SPD  SEA  SURF  T  (DEG-  C)  DRY  BULB  T  (DEG.  C)  BARQ  PRS  (M3ARS 
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1st  Survey  2nd  Survey 
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Figure  li  A  summary  of  the  meteorological  data  collected  during  Bartlett 
cruiee  40-B,  January  1983.  «ie  outbreak  of  cold  air  on  19-20 
January  can  be  seen  in  the  record  of  dry  bulb  temperatures. 
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Figure  2a 

Figure  2i  Fifteen  surface  analysis  charts  showing  the  weather  patterns  dur¬ 
ing  Bartlett  cruise  40-B,  January  1983.  The  store  which  triggered 
the  outbreak  of  cold  air  over  the  ring  is  shown  in  Figures  2i-2k 
on  16-17  January. 
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Figure  2f 
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Figure  2k 
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contours  of  surface  salinity  (•/.,)  frosi  samples  oollsctsd  at 
•aeh  XBT  during  ths  second  survey . 


A  T/S  diagram  of  surface  samples  collected  in  warm  core  ring  821 
during  Bartlett  cruise  40-B  in  January,  1983. 


Figure  9a-9et  Temperature  sections  (*C|  during  the  first  XBT  survey  of  verm 
core  ring  821.  The  stippled  areas  define  the  extent  of  the 

layer.  The  inset  shows  the  position  of  the  section  rela- 
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let  Vsaperature  sections  (*C)  during  the  second  XBT  survey 
stippled  areas  and  inset  are  as  in  Figure  9. 
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